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In the case of ccnm in &iaUy symetric flow of supersonic
velocity,adiabaticcm~esaion .tekesplacebetweenshockwave and
znmfaceof the cone. Interpolationcurvesbetweenshockpolare
and the ❑rface are theyeforenecess~ for the ccmpleteuuder-
stand~ Of this type of flow. They are givenin the -gmeaent
reportby graphical-nuwricalintegrationof the differential
equationfor sM. coneangleeand airspeeds.

IIH!ROIXJCTIOR

The mmmption that a relocltypotentialexistsin gas flows
with supersonicvelocityIS compliedwith In few specificcases
only■ The efiansionof a gas arounda cornsr(reference1), a
closedIntegrableexampleof.asupermnic flow,and the flow
S@.tit a wedge are ccmmonknowledge.“ It is true that a compressi-
bilityshockoccurson the latter,but the flow afte~sthe shock
la a parall@ flow againjat leastin the caseswherethe shock
be~insat the tip of the wedge. In 1929Busemann(reference2)
discussedthe caseof conical.tips in axial.flow. In this instance,
when the coneanglefor”fixedMach numberis not too great,the
flow afterthe shockis the simplestcase of a more generaltype,
the so-calledconicalfields,subsequentlydlacussedin greater
detailby Buseunann(reference3). These are (notnecessarily
rotationfree)dimensionlessflowswhich are reflected.on them-
selves~ eimilardistortionfroma certainpoint. All straight
linesthroughthe centerof similarityare carriersof equal.
statesof gas (speed,~%esmre, density). The axialconicalfield
fcUowing a parallel.flow occurs,asi* for flow againstconical
tipe,alsofor a certainty-peof caapressionnozzle.

... . .
The prment”report3s intimate~ linkedto Bue~’s axial

conicalfields,but dealsonlywith cones. The exactdata and
the furtherint~etation of.Busemann’a applecurves(Apfelkurven)
are given.

II

*%lit~rschellgeschwindi@cel~angeblaeeneKegelspitzen,
Jahrbuch1942 der deutschenLuftf.jhrtforschung,pp. I&) - 190.
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If a ocaupeeqibildtychockoooureIn a two-dlmenalonel
stationarygae flow,the folJ.owingequationafrcm the continuity,
the mmntum balance, and the energylaw are amicable:

,

.m+mn2=*+%w2n2 . (2a)

%wbwlt = ‘2w2nw2t (m

(3)

Subscripts:

1 quentitieebeforechock .

2 quantitiesafterchock

QuantitiesWn and wt are the velocitycomponent nomal and ‘
parallelto the chocksurface, p the deneity, p the preseuce,
and i the heat content(fig.1). Equation(2b),togetherwith
equation(1),Indicatee*t wtl = wt2J hence,that the tangential

ccmponentof the velocityremainaunchaqgedat the shock.

The chockpmceee is preferablyfollowedin hodographewith
cartesiancoordinate u, 3. The etatea (u2,u2) obtainable’
by chockfrcm a.certainInitialepeedlocated,eay ln the
u-axis (u1),lie on the cloeedbranchof a c~teeian sheetof

the shockpolma, (fig.2) whosee uationfor an idealgae
ie readilyderivedfrcm equatione?1) *Q (3):

‘i eau2— —
‘1U2=. (U1-W a
2“—+—

U1 R+l ‘1-%..

%a* Is the criticalvelocity, K = — the ratioof the epeciflc
%3

“heateat conetantpreeeureand volume. Thq normalon the length

(4)
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“oinneching thdV3tateW*p:, m!l.aftofi.“I&“show,a chord,oiviom
Itimtea the ~uoeioti-of the E@+ mn-tacp tith reepectto the
flow,becauseat the shockm@ t@p nomalyk~t 1s eubilected
to a..diOcontinuitymThusMM l’loyagaim~t.awedgewith the angle
~e ~ fl~ 3 correaponde-~at&J conditionsrepresentedin fig-

The limitingvaluetowardwhichthe angletendsat ,decm.acing”
inte~ity of caapreasibilityshockIp, tlmefcme,.the MaGh aygle. TM
UPIW l~t f~ 7 is %0 @ ap~~~ ~th ~.~~r~6ht cmssi=

“(

. a#2

)
U2 m o “.”“ri+. i aleo.@&rElf6r f&d - . .

biu:titi: ‘-Y. “ .“

Mach’nmber a maximumdoflect~on,that 1s, a greateetpo68ible
wedge angle. For wedgeswith smellerm#.e two cmprestzibility
shocksare possible,one of which@nerally leadsto supersodhs‘.
and cm to eubsonics.The ~actio~ OCCW.T.- sc&ution,denoted
as stable,is the supersonicsolution,which,as demonstrated~
G. Guderleycen alsobe provedexperimentally.Sincethe contact
pointof the tangentfran the zeropointof the hodographto the
shockpolardoesnot, in ~ral, coincidewith the intersection
pointA of the circleof the critical velocity,but stilllies
in the subsoniczone,thereare two subsonicsolutionsfor wedge
angl.eeon the, admittedly,very smallarc betweenA and B.

For a wedgein a flow at anglegreaterthan the maximum.a
curvedshocksreabefare the wedgeresults. The flow afterthe
shockis no longerpotentialflow,the entropy@p alongeach
streamlineis different(fig.4). All pointsof the shockpolar
am realized. Far framthe wsdgethe cohpremibllityshockrune
out in a Mach wave;t.hiacorrespondsto the supersonicend of the
shockpolars● On the lIw of symmetrybeforethe wedge is a straight
cmpresalbilityshock,that la, the subsmic end of the polera.
Betweenthe two stateelie in steady”sequencethe otherpoirrta,
particularlypointA of the criticalvelocityand pointB of the
mexiamnndeflection.On the sub~ct of se

r
utionof the shock

areafran the tip,L. Crocco(reference4 established,in m .. . .
exacttheoreticalanalysisof slightlycuped wee surfaces,
that thiS separationmust tdre placeb.e~orereachingthemaximm .
angle,whichis, to be exact,for a pcint.of the shockpolars.
betweenA endB. One essentialconditionbeing,of coursest-t W “ “ .
curvatureat the wedgeedge-.mdE otherthan zero. On considering
Crocco1scriticalpointon the shockarea separatedfrcuzthe bodyj,.O “
the streamlinetherecaristartonlywith the.cumhqturezero.

9D ●
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Lastly,the variationof the ~qas~e” difftie~e ..%- pl
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the tank pressurebeforeand afterthe shockfollowsas .
..!.:.:”.”...,
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-’ “j&-2t+?il:””:- ~‘ “(5’... ... .. .. ...*... . . .........
[ , n==%?”!”

“t;.-.(R +:1) * (y . /3)”- (R ~ 1) ,t&in”l
?L” ”.’
P. (lC+l)tsn 7-( K-l) tan (~-8)

tith”equation(6) tho entr&y jlmnp “. ., .)”. ,! .!...:. .

. .. .. .
. . .

PQ.. . .&.Rh,— ~QI

is known.,

.“, TEEeonEIn

For a solidof ~otationin

. . . . -----
. . . .

~(R = gns constant) ~ .“ j“”
. . .,

suPERmmc FI##!’ ..” .

atrairzt.flow,when the‘shockmm- F
face adheresto tbe conetip, the fl& after ~he shockis a conical
fIeld-.The shocksurfaceis a coaxialcone of rotation(fig.5).
The:compressibilityshockon th6 C?rlthe cone envelope has the same
strength. In all pointsof each a.m.@v line throughthe cone
originthe vclocl~ iE constantin megnitwleand direction;the
stateof gas,.the smue. The shook.ccmditims(1)to (2)are
exactlythe mane as for two-dimeneionalflaw,when~ as before~ “
Wt and Wn denotethe velocitycomponentspardlleland at rip~t

anglesto“theshock.area- (Owingto @ axialm-try, w% and Wn
lie in an axialsectionof the cone.) Theirerectionmerelyrequires
the planetqehtisl elementto the shocka-ea~ The potential
flow follawlngthe shockis naturallyno longera parallelflow In
the “axialsection-“it.wouldbc inccxnpatiblewith *he contiguity
conMtion .-the 6tFeamlinesratherbecme asym-ptoticdlynarrower
(fig.6). Figure7 showsthe conditionsiq the hodqjraphfor one
axial section, with u and u “dam.ing the velocitycomponents
paralleland at right anglesto t@e axis of rotation. Becauseof
the c~cal characterof the flti in the hodographall streamlines
are re~eeented by the.seinecurve. The velocitybeforethe shock
is alcmgthe axis of-the abscissa (~) ● At the shockCCUW with
the coneapgle 27 thq streamlinesare d@lected by the angle 8,



l!uwlm Ho. 1157

as seen frun the shook polar ReliWwdto %0 The new

18 transferred~ adiabaticmqpressionto the state
. mne envelope. Angle P 10 then half the Inoludd ar@e ~ the cons●

A clomr examinationof the cmical fieldindicates(ccmparerefer-
ences2 and 3) thatthe normalin a certainpoint E‘ of the nwridian
curveruns parallel to the strai@t linethroughthe conetip,which
carrle8the gae statedefinedby F;, as exemplified1+ figures6
and 7 for the state u’., U’ with the normal of the slop 0’= For
the end point %S ~ directionof velocityend elopeoi’the normal

are coincident.Owingto this arrqamnt of streamline8nd
mridian line,the s~cm~fiqatlonof a merltim lino characterxeei
a cone In axialflow. To obtaina su?~eyovor all conicalflows,
eitherthe cone opening.angleat the maneaircpeed,henoethe shock
polars,or,which is the same,the strengthof the compressibility
shookcan be varied(fig.8). The locusof the thus obtainable
stateson the coneenvelope,the connectingline of the * points
of the individu@.meridiancurve~,is called“applecurve ~ecause
of its particularShnp. Furthei-more,tlw ai:speedcan be varied,
so that to eaoh shockpolaror eachMach numbe....of flow there
correspondsa differentapplecurve.

The oonioalfieldafterthe compressibilitychockhas a
potentialand is (U and u uein denot,infltho velocitycmmonente
In the axialsectiOnparaUel &d at ripjlt‘&lee
characterized~ the differentialequation

(u + “Dd)a
W) “ nl+#-

..2

The dakhebindicatederivationswith remeet

to the-axia~

(7)

to u; * mmifies ‘
the squareof the 100almnic vslocitywhich~or ideal~aseeis -
linkedwith the speed~ the relatlpn y

(8)

The Imridiancurvesare integralourvesof eqtition(7)with the
-:

boundaryOondition(fig.7) in the point q U2 of the shookpolam

with the elopeof the connecti~ line from (U~, O) toward (up, @ .
Thismeansthat the potentialflowmust precedethe stateof gas
moduoed by the ccqpressibilityshook. Morecwer,sinoethe normal
to the meridiancurveIndicatesthe polaranglesof thereapeotive
elate,the ccmdltionfor the initialslopeIe neceesaryfor reasons
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of Cmmnulty. Tbe end of the meridlm llne it3givenby the require-
ment that the normalpass throughthe zeropointof the hodo~aph:
u+ ~’=o. Dlreotlon of velocityand “ofnormalmust be identical.

lb- the ~aoticel determlnmionof the meridianourve,a
graphicalmthod baaedon the shape(i&ntical with equation(7))of
“ite differentequation

. .
Rm. ~

~

(9)
1-

a

IH appropriate.Here (fig.9) R is the ra~us of curvature,1?
the nomal sectionbetveenmeridiancurveaniiU-axis,end U the

lengthof the ~rpendimlar ,U = ,‘-
d

frcmthe zeropointof
1 + ~f2

the hodogra
?

to the no=. As a is a funotionof the velocity
(formula(8 ), the curvatureradiue R in a pointof the meridian

curvecan be computedby mark- off U, R, ~ ~ ; ~u~a

lh the practicalperfmnanoe of this progressiveconstructionit
IS foundthatthe meridlenllnesare, in general,obtainedfairly
accurately.Thiswas checkedby Integrationof equation(7)by the
Runge-Kuttaappmzimationprocessfor mdinary differentialequations.
A”departurein graphicalaccuraoyoccursonly at theneridiancurvee
arisingnear the ende of the shockpolars,“thatis near the axle.
Most easilyuncertainin the @aphical determinationis the position

%1 of th8 end ~lnt ,~~ ~ on the meridiancurve,and with It the

Gone an@e ● In orderto obtainIt alsorelativelyexact,individual
mrldlan lineswere mathematicallymeoked at pointswheretheir
variationhad been satisfactorilyrep eeentedby the construction.
The applicabilityeven of the R~e-Kutta methodto the meridian
curvesnear the axis 16 llmlted. But here equation(7) affords
approxlmationewherethe last ~em at the rightIs thkenequal.to

the c
%!

tent initialvalue In the neighborhoodof (u1,O)
fil “ %2’” &“

? )

and .7 In the Vlcinltyof fil= ~, o. Q-titles ~
~

@ -5 ar~t~”am””o c veiocltlharelated-to (ul,6) and (fil,O).

:. .
. .

. .

-.

-— -— _ . .
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The Shapeof the meridianarvea 18 thent

7

(lea)

(lob)

The markeda~lmtion characterof’theseform&aa la .
readllgapparentfrcmthe faotthat in equation(lOa)for all
valueaof the parmueter.A the curvespass throu# the point

U=ul, u=o, &havethe amm initialshape al - 1 and the

init Ial curvaturezers. h equation(10b)the curvespnssthrough.
the Initialpoints (ul,V2) but have the same Inlttslzeroalo~.
In spiteof that,the ap.prmlmationsare s~icient to re~uoe
the behaviorof the appleourvesnear the bloaacnn”and‘the stem,1’.
wherea logarithmicsingularityomurs:

~2
Ah. L.>

‘3= U1- ~

F

aupersonlc (ha) .
23

2
-1

al

(33%) .

on comparingthe gra-phicalintegrationfor the dlffprentshook.polars
it la foundto be beat for the maximum velocities.For the higher
Mach nuniberethe ourvatureradllare too greatto ensuregood
Conetruotion.However,this la usuallyoverccme~ substltutlngk- “
etralghtlinesfcm the area. But fca’MaohZXWlb8rSnem unity,~.
the otherhand,the constructionbeccmemvery inaocuracebecause..
of the abnormalourvaturevarlatlm alongthemeridianllne. For
the viclrdtyof the criticalvelocttytherela aq approximation
by Buseuuannwhich,hovever,doesnot becanaaocurateexoeptat
very.maallahoolcpolaraas will be dlscuseedlater.

4‘,

-.. . .—. . .
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m*T- -l-e’ ‘=‘b“mod~’od ‘er’imof equations 7) end 9) correspcmdto the pressurefactors 999.9915),
9>6, W, 988P . . “ 964, 9%, 94% 930, ~007 W BUS~’S o-’
in the Handbookfor EzpMmntal Physios(reference5)● The subsequent

34 %
tablemntainstheliachnmbers .M?=@ or M== end the

-

Mach d&le referredto the critic”~and localmnic~velccityfor these
%

p?essurefactors● The ratioof the specificheats K = — is 1.405.
%

The Mach numbers SZ%a little&rre accuratethen in the haudbook.
The braclcetedpresmre figure999.9915correfi

P
to a shockpolar

near the critioalvelocityat whichequation 7) was Integratedby
the BueemanRapproximati~mthcd. - “

1

TABIl I

U1 %p-factor M*=F M=— ~ch angle Figure

* a (s8) no.

(y6.9915) 1.04106 1.050 7go ~1 ~311 * *’
1.1714 1.21& 55010 ‘ 33” 4 10

992 192763 1.3663 470 2‘ 46” 5 U
988 1.36@ 1.504S 41°39 ‘ 26”

3P 33f I@”
; 12

9t?4 1.4472 1.6403 13
980 1.52%1 1“7775 . 34014’ 9“ 6 14
976 1*Z22 1.91795 31°23’ 31::
9P 1.6592 2.0636 2P 59’ 7 ? :?
968 1.7206 2.2157 26049 ‘ 43“ 6 17
964 1.7798 2.3760 240 53’ 22” 7 18
956 l*8@3 2.727e 21°30 ‘20” 19
945 2.0223 3● 3051 17°36’ 42” : 20
930 2¤1729 4.3776 :.13012‘ 19’1 8 21
870.7 “ 2.$3@ a ~o 9 22

Figures10 to 22 re~esent the shockpolars,meridianlinesend
applecurvesfor the eevw~’alMach numbers. (Thenmkwr of the

. .

f@re is givenIn the laet colmn of tableI.) Th& starting
pointsfor the nwridisncurveson the shockpclarswere so chosen -
that the plottedchoi& of the shockpolarshave constantdiffereme
of angle, AY (~econdto the last column,tableI) whichamountsto
‘!Oto 9° dependinguponthe Mach nuniber.For the relatedconeflows
it impliesthat at”the curveMach numiberthe half includedangles
of the chosen.mmpressibilityccnqform a decreasingerithmticsl
sequencefrcnn90° on. The lowerlimitis formalby the Mach nwiber ‘

#..
.,
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which,however,doesnot, In general, belong to the sequence.Thb
eti~qts OF the ~ri~sn- ~.lqes.$= the..inclu.dedan@e of the cone.....
in the a~esinm They natmally formno Elmpleeeque~ceanylmiec
The f~velinesplottedbetweenshookpolaraand applecurvellnk
the pointsof the Idllvld

3
peridiancurvesin which%hs diffemnoe

betweenslopeof norluals directionof speedis constant.With
the XIOtatiOXlof figure7 t@y are the curves q’ - *‘ = Constant.
The valueof the mnstant6 is notedat the Individuallines,the
mamrals indicatedegrees,withoutit.havingbeahmitten in the
figure. The dirmtion of the normals(q’)can be cmputed far .
the pointsmarkedby the thinlineson a meridlsn line f:cm the
fairlyaomrate~ readablespeeddlreotim (y’). The reading
of q)’ frcmthe f@re is, in general,not quiteao accurate.
so for a good interpolationit is advisableto @ot the relation-
shipbetween *‘ and q’ Ic a rightangledsystemof sx.iefrcnn
the markedpoints,whichthen elm @ ?es,aeidefromthe end points
of the meridianlinewhere q’ = ~’ = ~~ theirstorti~ pointon
the shockpolsrs,wherethe directionOA Lhenormalsis at ri@t
an@es to the plottedchord. For the maridlancurvesarisi~ near
the axis in the mbsod c rangethe firstapplecurveecarryonly
the points,the thinlines~.e mitted. The end points of the
mridian lines further carry the ratioof the tank pressurebefore
and afterthe compressibilityshock,whicAnatu ally is already
eatabllshed%y the point ~, u a m .thcE@ck.polar..Mreover,

the circleof the criticalvelocity ;T3 = a* is indicated
by dottedlinesin each f~gure.

i

The fautllyof am-@e curves ia represented in fi~ 23. The
lowerpartgivesthe shockpolaifor each apple. The i~imost
dottedapple18 obtainedby aplmxdznationneax the critical
velocity@ correspondsto tm bracketeddigitsin tableI. Tho~
thin systemof curvespmnlts a roughorieutaticnof the poims
of the shockpolarseuutapplecui%esgivenby the mridlen curves.
The exact”relationis seenfrm figure24(a),w~re the oone angle 2@
is @tted againstthq includedangle 27 of the coqmssibiliby
O- for the individualShockPohxJ . Figure24(b)showsas
oontrastthe correspondingrelationin the two-dimensionalcase
betweenwed@ angle 20 end the angleof the ccuqpressibility
tiOOl:with res~ot to the flow direotion 27. The aforementioned
systemof curvesin figure23 containsaO firstset the curvesof
equalentro~, that is, of f~xedtank ~essure ratioat the
o~esaibillty shock PO’/p. (formula(6)),as exemplifiedby

Po‘ <3$= O.gg,0.9, and O*7.
x. The pieceof the u-axi~ 1 E ~*

r
*

—.
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PO‘
“mmeeponds to the curve — =.1...,h%.tti borderof the dl~.qmj ~~

P“ . ,“:..

shockpolad-and applecurve”fir=-” v~o~i~ ~= /q, .:=o.
. . k R

* secondset the etralghtlines”.~ = @netant were chosen..By

equation(-~)t% ~“eseurerise ~ - ~ at shockreferredto dynmlc
~OBsw?a ~1~ is constanton the lines ‘~ = Cmstant. The

eubaequeqtadiabaticpressurerlee iq the conicalfieldafterthe
shockup to pressure pa at the cone envelopeis obtalnahlefrcan

.

d

a u3, ~ by adlabatlcComguwmlon of *
. . . . .

Figure25(a)showsthe
. .

F-Pl

pressureratio —”
;i%2

plottedQ@I&t cone

anglefor the severalappleCurves,that ie, airspeeds.“Figure25(b)

~epremnte the two-dlmnsionalcaseof -

*1%2 ‘~dmt ‘- -0”
. .

As in theIplane,ths~eare,in general,two flti for every
possiblecone angleat fixedMach nmber ● On sufficientlysmall
coneanglesone solutionis au@onic, the gther,aupwsonlc,the
latteroccurrl~ in practice. The rangeIn wh.lchboth are subsonic

““is ~ater In thla Instancethan in the two-dimensionalcase. Here,
all pointsof the shockpolarcbuldbe i-c?alizedby consideringa
shockwave aepsratedfrcmthe body. This is inapplicablehere

I
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.bmauaetherela no ooniml fieldin the viQinityof an arbitrary
*- ..point.ofthe shookwave.,-Eeme,..ltY’ememe.EuLq)enqlaestion Whioh

range of the ap@e uurveaeul pressure.ourvesis of ~aotiml
. Importance.The eupereoniorahge shouldbe assured. A study
on slightlyowed oomhml EIurfaoeBa@l~us to Croooo’B”Inveatl- “
gationfm the”wedge is not yet available.

m limit“oftha oohean@e fticnringfrcanthe appleourves
for a apeoiflol@oh numberin shownin figure26, alongwith the
maxilumwedge angle. The anglezone1 is characterizedlW the “
f aot that for theseangleewedgeias well as mne, flowsexist,
wherethe Shook8urfaoea-e to the e- ox tip. The eeoond
rangeiholudeathe englee yhere the Imife edgeB are worse, because
the shooksurfacehas becme detmhed, but the tlpa are still useful.

In the thirdrangethe shooksurfaoeBfor both the we and the
oonelie upstreamfrcmthe body. TFigures27(a)and 2 a) are
modificationsof figures24(e)and 25(a);the Mach nunberis
consistentlymarkedoff on the axis of abscis”sa.The axisof the
ordinatecontainsthe alze of the ccrapremibilityshookand pressure
ratio. The Individualmrvea correspondto conesof fixedinoluded
angles. The limitingcurve P 00 shownae dash and dot line (-.-.-)
in figure28(a)indioatesthe preemre $nupbeforea bluntobetacle.
If the adiabaticccmtpreeaipnup to the stagnationat the body is
alaotakeninto aocount,it affordsthe plottedpitot~eemre
(Prandtl-Raylei@).

FigureEI27(b)and 28(b)representthe two-dimneionalcase.

,.

For tmveral mne Y es (supermnio range
pressurecalculationby ha) givesthe simple
forntula:

afterthe shook)the
ap~oximation

at whichthe logarithmicsingulari~ and Maoh relationshipis mrreatly
defined,but the nmwriml faotor2 behindthe log~ithm 18 ~
to be unoertainin oertainciroumtenoes.

In mnolusion,the integrationof equation(7) for the apple
ourvein vioinityof the initialVelooityis etreased. As dmon-
etratedM 3u13emanu,a suitablesubstitutionmakes it possibletd
range equation “(7)intoa differentialequationindependentof the
~Oh ~ber H ~ the 8peCifiC”ratiO R. !l!hesame substitution
frem the shock polm and hence the initial ocmdlticna of the
meridianlinesfrm H and R. They are em~oyed only
for the determination of the end pointof the meridianlines.

.
.

—
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Fl@?e,@ indicates lb resultsof “tie Intqpttloq in the coordinates
.x “and y fai”ths merldldnlinesIndependentof M + R, which
are related with u and u through...“:* -r..-k -.:

. ‘“$&i ‘“=%%** ‘“
.. .

.. . .

The initial abscissaon the.shockpclarsis”writtenat the meridian
curves: The mbepquent aneritianlines [notshow@ canb “rejlaced’

by ,cu&es y = ae‘i. The relatedconstants a. and b can be . .
t,pk$nfk.mtableII. “ -,... ...--. .

... :
.%..;.

.: ,.
,. ..’”

‘..
,.

,.
J“.

. . .
“,. .

.

‘ TABLJlII ..

% a. b

-0.95 0.00755 -3.59
-.9 .0298 “2*66
5 .324. -1.48

“ ;“ .763. -1.37.
.25 1.C%? -1.46 .

1*39 -1.68
:?5 2.28 -2.30
●9 6903 -3”59
997 75.94 -6.65.

The end pointof the merldlsnlinesfor a given M
followsfromthe equation

. .

. .
2 1—— -y3y3’=-K+l(M-

1)2

The dashdenotesthe derivation~th res~ct

Translatedby J. Vanier
l?atimalAdvisoryCmpittee
for Amonautics

..

x

M-1

to x.

lMld.R
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Figs. 1,2

Figure 1. Conditions at the two-d.tensional compressibility shock.
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Fig~re 2. Shock polars



Fig. 3 NACA TM No. 1157

Figure 3.- Wedge in supersonic flow ( tc= 1.455); the
polar is shown in figure 2.

related shock



NACA TM No. 1157 Fig. 4a,b

Figure 4a. - Schlieren photograph of wedge for adhering
compressibility shock.

Figure 4b. - Schlieren photograph of wedge for separated
compressibility shock.



NACA TM No. 1157 Fig. 5a,b

Figure

Figure

5a. - Schlieren photograph of cone for
compressibility cone.

.

adhering

5b.- Schlieren photograph of cone for separated
compressibility cone.
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Fig. 6

Supersonic flow around a cone in axial
(related hodograph shown in figure 7).



Figure 7.
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Hodograph of an axial section of a cone. Figure 8. Construction of the meridian curve.

u
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Figure 9. Apple curve wiih meridian lines and shock polar.



NACA TM No. 1157 Figs. 10-16
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Figur-10. P-factor 996, * = i,1714, : = 1,2182. Figure 11. P- factor 99’2., # = 1,2763, ~ =]i,3663.
ae

Figure 12. P-factor 988, + = :,366z, A = 1,5045, 5=Figure 13. P-factor 98i, =. !,447’2, ; = 1,6403.
a,
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(w

979

q77

% u

Figure 14. P-factor 98o, + = i,5221, ~ = ~,7775, Figure
al

6. P- faetar 976, ~ = 1,5922, $ = !,9 795.

.. O*
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Figure 16. P-factor 972, + = 1,6582, ~ = 2,0636.
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Figure 17. P-factor 968, $ = 1,7206, ~ = ?>2i 57.
al

L ‘..*

% u

Figure 18. p-factor 964, “ = i,7798, ~
~ = !2,3760.

u,

u, II

Figure 19. P- f.scf, or 956, ~’ = i,8893, M
~* = 2.7278.
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Figure 20. P- fact or I!)/,:,,
?(, = ~,”?.~~ A _
;. 3,3(1:, I
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Figure 21. p-factor 93o, .~’ = 7.,i729, ~
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= 4,3776.
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Figs. 23,24a NACA TM No. 1157

F4 gure 23. Family of apple curves and shock polars.

Figure 24a. Relati~nship between half the cone anglefi and half included angle ~

of the compressibility shock at different air speeds.
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NACA TM No. 1157 Figs. 24b,25a

.

Figure 24b. Relationship between half wedge angle & and angle of slope between

compressibility shock and flw velocityat differentair speeds.
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Figure 25a. - Pressure on cone surface plotted against ~ cone angle p

for different air speeds. (P3 pressure at cone envelope, PI

pressure of flow, $ P1U12 dynamic pressure. )



Figs. 25b,26 NACA TM No. 1157

Figure 25b. Pressure jump P2 - pl at ccxnpressibilityshock referred to dynamic

pressure in relationto ~
2

wedgeangle 6 for differentair speeds.

Figure 26. Limiting value of the hlf cone angle and wedge angle for adhering

compressibility shock plotted against &ch number.
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Figure 27a. Half included angle of
compressibility shock against the
MLch number for different cone
az~gles2 /j.

Figure 28a. - Pressure on cone
surface in relation to Mach number
for different included angles 2 ~
(P3 pressure at cone envelope, pl

pressure of flow, * plulz dynamic
pressure ).

wr

Figure 27b. Slope ~ of compressibility
shock against flm for different wedge
angles 2 S as function of the Mach -
number.

t
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i

0: I I I I
2 3 4 M.!!J s

Figure28b. Pressurejumpat compression
shock referredto dynamicpressure for
several wedge
Mach number.

angles 2 S agains”tthe
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Figure 29. @proximte solution for the vicinity of the critical speed.
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